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The following tables show the distance from the point of intersec- 
tion of the tangent lines to the beginning of one degree curve, 
the angle of deflection (=angle at centre) being known. 

In the columns, under the head of degrees and opposite the min- 
utes, are given the. distances in feet from the intersection of tangents 
to the beginning of one degree curve. 

To ascertain the* distance for any given degree of curve, divide 
the distance given in the tables for a One degree curve, by the 
degrees of the required curve, and you have the distance from the 
point of intersection to the beginning or end of curve. 

example: 

Required the distance from the point of intersection of tangents 
to the beginning of a Two degrees curve, the angle of deflection 
being 25°. 

In the tables under 25°, and opposite 0*, find 127G.28 which 
divided by the degrees of the curve (2°) give 635.14 feet, the re- 
quired distance. 

In staking the centre line for a Bail-road or a canal, stakes should 
be driven down to near the surface of the ground, at the intersection 
of the tangents, and at the different stations; and nails set in indica- 
ting the centre point These stakes serve also for leveling purposes 
and are useful in detecting errors while the work is being re- 
levelled and staked out. 



6 RAILROAD CURVES. 

The beginning and end of curves should have reference stakes 
set in at right angle to the centre line, simi.aiiy driven and marked, 
and at such convenient distance from the centre as will ensure them 
from being displaced in making excavations and embankments ; and 
at all the above named points another stake for numbering, &c, 
should be firmly driven adjacent to them. 

The radius of a One degree curve is 5730 feet. The circle being 
divided into 360 parts of one degree (equal angle of deflection) give 
360 chords of one foot in length at the circumference, and also a 
radius of 57.3 ft. g/VVhr^ 1 Y' 6==57 - 3 

The chord of One foot in length for 1 degree =57.3 ft. Radius. 

" 10 feet " " 4i =573. " 

" 100 " ^ « * =5730.0 " 

iOr the radius may be calculated by natural sines, thus : 

sin. 1 ° : 100 ft. chord : sin. 89 ° 30' : 5730 ft radius. 

To determine the degree of curvature, having the radius given, 
divide the radius of a One degree curve, 5730, by the radius of the 
given curve. 

EXAMPLES 

Required the degree of a curve having a radius of 1000 feet : 

|i|£ = 5073=50 43' 48 " 

To determine the length of the curve having the angle of deflec- 
tion given ; divide the angle of deflection (=angle at centre) by the 
degrees of the curve, and you have the required length of the 
curve. If there are degrees and minutes in the angle of deflection 1 
the minutes should be converted into decimals. — {Seepage 28.) 

example: 

The angle of deflection being 20 ° 49', |£=0.816. Then 20,816 
is the distance for a One degree curve ; if for a 2 degrees curve, 
divide this result by 2 ; for a 3 degrees curve, divide by three, and 
so on. 

The angle of deflection being given, the following results are 
readily determined. 
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Angle 

of 

deflection. 


Degree 
of 
curve. 


Deflection 

per 
100 feet. 


Radius 
of 

curve. 


Distance from 

intersection to 

beginning 

of curve. 


Length 

of 
curve. 


20° 49' 


1° 


0° 30' 


5730. 


1052.49 


2081.6 


20° 49' 


2° 


1° 00' 


2865. 


526.24 


1040.8 


20o 49' 


3° 


1° 30' 


1910. 


350.83 


693.8 


20° 49' 


4° 


2° 00' 


1432.5 


263.12 


520.4 


20° 49' 


5° 


2° 30' 


1146. 


21050 


416.3 



To ascertain the radius of a curve, having the angle of deflection, 
and the distance from intersection to beginning of curve given. 
Find the distance for the angle of deflection in the tables, which 
divided by 5730. gives the natural tangent of half the angle. 

Then divide the distance from intersection to beginning of curve 
by the natural tangent of half the angle, and you have the radius. 

example: 

Required the Radius of a curve, the angle of deflection being 
20°, and the distance from intersection of tangents to beginning of 
curve 225 feet 

Under 20° and opposite 0' in the tables, find 1010.37, which divi- 
ded by 5730 feet gives the natural tangent 0. 1 7633. Then 225 ft. 
divided by 0.17633 gives the radius 1276. feet. 

Field notes for a One Degree curve. 

Bearing of 1st tangent N. 20° W. 

" 2d. " N. 40° W. 

Angle of deflection by needle 20° 

" " " graduated card ... 20° 

( The angles measured with the card are the most reliable ; but 
the angles by the needle although it often indicates a slight dif- 
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ference, serves as a check to greater errors which may arise in 
reading the degrees on the graduated limb of the instrument.) 

* Station No. 506.2000 Intersection of tangents. 

— 10. 1037 from intersec. to beginning of curve. 



> 



a 



# Station No. 496.0963 point at which curve commences 

+ 20.0000 length of curve. 



# Station No. 516.0963 point at which curve terminates. 



DEFLECTIONS FROM TANGENTS. 





Length of 


Deflection 




Stations. 


chords 


from 


B1HABES. 




in feet. 


tangent. 




496.096 
497. 


it u 

90.37 


It « 

0° 27 


* Beginning of curve. 
1° to left. (Tangent due N.) 


498. 


100.00 


0° 57 




499. 


100.00 


1° 27 




500. 


100.00 


1° 57 




501. 


100.00 


2° 27 




502. 


100.00 


2° 57 


# Change point. 


503. 


100.00 


3° 27 




504. 


100.00 


3° 57 




505. 


100.00 


4° 27 




506. 


100.00 


4° 57 




507. 


100.00 


5° 27 




508. 


100,00 


5° 57 




509. 


100.00 


6° 27 


# Change point 


510. 


100.00 


6° 57 




511. 


100.00 


7° 27 




512. 


100.00 


7° 57 




513. 


100 00 


8° 27 




514. 


100.00 


8° 57 




515. 


100.00 


9° 27 




516. 


100.00 


9° 57 




516.0963 


9.63 


10° 00 


* End of curve. 




, 




(Tangent N. 20° W.) 



railroad curves. 

Field notes for a Two Degrees curve. 

Bearing of 1st tangent N. 10° ¥. 

" 2d " N. 30° W. 

Angle of deflection by needle 20° 

" " by graduated card . . . 20° 

* Station . . 506.200 intersection of tangents. 

— 5.052 from do. to beginning of curve. 

* Station, .501.148 point at which the curve commences. 

+ 10.000 length of the curve. 

* Station . .511.148 point at which the curve terminates. 

deflection from tangents. 



Stations. 


Length of 
chords 
in feet. 


Deflection 

from 
tangent 


REMARKS. 


501.148 


<< a 


0° 00 


* Beginningof curve 2° to left. 


502. 


85.20 


0° 51 


(Tangent N. 10° W.) 


503. 


100.00 


1° 51 




504. 


100.00 


2° 51 




505. 


100.00 


3° 51 




506. 


100.00 


4° 51 




507. 


100.00 


5° 51 


# Change point. 


508. 


100.00 


6° 51 




509. 


100.00 


1° 51 




510. 


100.00 


8° 51 




511. 


100.00 


9° 51 




511.148 


14.80 


10° 00 


# End of curve. 
(Tangent N. 30° W.) 



10 RAILROAD CURVES. 

In curves of great length, the instrument should be moved forward 
in about every 5 or 6 hundred feet to insure accuracy, and often to 
avoid obstruction in line. The mode of proceeding in suoh cases 
may be illustrated with the deflections of the 2° curve. 

The instrument in the first place is set at station 501.148 and 

the deflection from tangent to station 507 is 5° 51'. Now change 

the position of the instrument to station 507, and bring the cross 

hairs to bear on the staff at station 501.148; after clamping the 

instrument turn with the vernier as a test 

for station 502, 0°5r 

for " 503, 1°51' 

for " 504, 2°51' 

for " 505, 3°51' 

and for the tangental station 507, 5°51 / # Ch. pt 

If the stakes are found to be correcc, continue the setting of the 
remaining stakes to end of curve, and deflect the degrees from the 
beginning of curve given in the field notes opposite the respective 
stations. 

When an odd number of minutes are to be turned off at the 
commencement and for each successive station, the inconvenience 
may be obviated by setting the vernier the number of minutes for 
the required chord in an opposite direction from that in which you 
would turn for the stations in the curve ; or so that the instrument 
when set in line with the tangent and clamped, the nonius instead 
of reading 0, will indicate the number of degrees or minutes which 
would be deflected to strike in line with the first stake to be set 
in the curve. Then the remainder of the stations will be free from 
the odd minutes which would otherwise be turned off for each 
successive station. 

When the instrument is moved forward to another station, the 
same mode may be adopted with reference to setting the nonius 
preparatory to bringing the cross hairs to bear on the staff at the 
beginning of curve. 

By determining the tangents at the various points in the curve 
over which the instrument may be set, the staking of the curve may 
be prosecuted with less liability to error. 

At the end of curve the instrument should be set over the stake 
to ascertain if the tangent produced from deflection corresponds 
with the course and direction of the tangential line. 



railroad curves. 

Field Notes and method of staking a 3 ° Curve. 

Bearing of 1st tangent, N. 20° W. 
l - 2d " N. 40° W. 

Angle of deflection by needle 2(R 

" by graduated card 20° 
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* Station. .506.180 intersection of tangents. 



— 3 368 from do. 



do. to beginning of curve. 



* Station . . 502.812 point at which the cu T ve commences. „ 

+ 6.666 length of curve. 

* Station . . 509 478 point at which the curve terminates. 
The notes are put down as represented in this diagram, and 

numbered from right to left when curving to the left, and from, 
left to right when curving to the right 
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FIELD NOTES. 



No. of 
Stetion. 


Length 
of chords. 


Course of 

tangents 

and chords. 


Deflection 
from 
tangent. 


REMARKS 


502.812 


u a 


N. 20° W. 


0° 0' 


* B. 0. 3° to left 


503. 


18.8 


20°17' 


0° 17' 




504. 


100 


22.04 


1. 47 




505. 

506. 


100 
100 


25.04 
28 04 


3. 17 

4. 47 


* Change point. 


507. 


100 


31.04 


6. 17 




508. 


100 


34.04 


7. 47 




509. 


100 


37.04 


9. 17 




509.478 


47.8 


39.04 


10. 00 


* E. C. 


510. 


52.2 


N. 40°00W. 




1 



u 



c< 



u 



a 



The number at which the curve ends should be given to the 
chainraan before proceeding to measurement, so that the proper 
signal may be made by him on arriving at the station next prece- 
ding the termination of the curve. 

Then set the instrument over the point of curve at station 502.8 1 2 
and deflect from the tangent line for station 503, 0° 17' 

504, 1°47 / 

505, 3° 17' 

and so on to the end of curve as per column of deflection, unless 
the instrument is moved forward. If it is necessary to move the 
instrument, then set it over another stake in the curve, bring the 
cross hairs to bear on the staff at the beginning of curve and clamp 
the instrument; then turn off for the tangent at the station selected, 
the same number of degrees originally turned from tangent at 
beginning of curve in setting the stake, and 1°30' additional for 
each successive station of 100 feet as you advance; the angles 
should correspond with those given in the column of deflections 
set opposite the respective stations. 

It frequently occurs that the instrument has to be changed to 
points intermediate between two stations. 
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If in a five degrees curve, for instance, it is necessary to change 
the instrument from station No. 0, there being an obstruction in 
the line of sight between station and station No. 3, and nothing 
to prevent the instrument being set over a point in the curve 30 
feet distant from station 2; the deflections would be made as 
follows: 

Station Deflection = 0° 00 B. O. 5° R. 

" 1 " 2° 30. 

" 2 " 5° 00. 

" 2.30 " 5° 45. * Change point. 

Then move the instrument forward, and set it over station 2.30, 
and bring the cross hairs to bear on the staff at the beginning of 
the curve, station 0; then turn off 5° 45' for tangent at station 
2.30 and 1°.45 / for 70 feet the remainder of station No. 3, making 
in all for station No. 3 — deflections 7° 30' 
« 4 " 10° 00' 

" 5 " 15° 00' E. C. 

» 

The angles for parts of a station on curves may be readily 
calculated, and the angles turned off in such manner as will keep 
the stations of uniform length throughout the line. 

REVERSE CURVES. 

These may be put in according to the formation of the ground 
with equal radii, or not, as the case may require. In the latter 
case the degree of curve may be assumed and the curve contin- 
ued as far as deemed necessary ; and the tangent is then pro- 
duced to the intersection and measured — and the angle of deflec- 
tion determined. These give the data from which the radius and 
degree of curve are determined. — See page 6 and 7. 

In the former case select a point in one of the tangents and 
turn from tangent such angle as the case may require, and meas- 
ure on this line the distance between the tangents. Then set in a 
point one half of this distance for the point of reversion, from 
which both curves may be staked out. — Seepage 6 and 7. 
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If you wish to compound a curve so that the trains will pass less 
abruptly from tangent into and through the curve, it may be done 
in the following manner : 




"We will assume the angle of deflection to be 40° ; in the tables 
under 40° and opposite 0' find 2085.55, the distance from intersec- 
tion of tangents to beginning of a one degree curve. 

If you wish to lay out a compound equivalent to a curve of 5 ° 
for the whole angle, divide the distance found (2085.55) by 5, 
degree of the curve; and you have the point of beginning 417 ft. 
from intersection of tangents. You will then decide on what length 
to substitute the less degree of curve. 



RAILROAD CURVES. 
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If a 3 ° curve is decided on, and the distance 200 feet at each 
end of the 5 ° curve, then deduct 3 ° for each station of 100 feet, 
making 12 ° from the total angle of deflection, (40 ° ) and you 
have 28 ° to be divided equally between the stations of the inter- 
mediate curve, or *■*= 7 ° , the required degree of curve. 

FIELD NOTES. 



No. of 

Station. 


Coarso of 
Chords. 


Deflection. 


REMARKS. 


No. 


» » 


0°00' 


Beginning of curve, 3° 




1 


N 1° 30' W 


1°30' 






2 


4 30 


3 00 


End of curve, 3°, B. C. 


7°. 


3 


9 30 


3 30 


From tangent. 




4 


16 30 


7 00 






5 


28 30 


10 30 






6 


30 30 


14 00 


E. 0. 7°, B. C. 3° 




7 


35 30 


1 30 


From tangent. 




8 


38 30 


3 00 


E. C. 3° 




1 


i 




Tangent, N 40° W. 





NATURAL TANGENTS. 

From the tables may also be determined the natural tangent for 
any given number of degrees and minutes from One degree to 45 ° , 
by taking the distance given in the tables for twice the angle of 
which the tangent is sought, and dividing the same by 5730. 

examples: 

1st Required the natural tangent of 30°. Under 60° (twice 
the angle) find in the tables 3308.21 and divide the same by 5730, 
and you have the natural tangent for 30 ° =0.57735. 

2d. Required the natural tangent for an angle of 7 ° 28' ; in 
the column of distances under 14 ° and opposite 56' (twice the 
angle) find 750.97, which divided by 5730 give the natural tangent 

for 1° 28'= 0.13 106. 

2* 
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MEASUREMENT WITH GUNTE&'s CHAIN. 

When 66 feet chain is used for the length of stations, the radius 
of a one degree curve, 5730 feet, may represent 57.30 chains of 
66 feet, and the distances in the tables applied the same as for chains 
of 100 feet in length; but the radius as well as the length of sta- 
tions will be proportionally less than for stations of 100 feet in 
length by J ? part. 

If a 66 feet chain is used, the distance after being found in the 
tables, may be divided by 66, and the stations in the curve reduced 
to 75.76 links which are equal to 50 feet, one half the length of 
the stations generally adopted in staking the center line of railroads; 
and the curve staked out accordingly, turning off one half the 
number of degrees required for the stations of 100 feet in length. 

The degree of curvature is understood to express the number of 
degrees per 100 feet, and hence the convenience of making the 
stations of such length as will give a definite idea of the degree of 
curve and length of radius. 



The following abbreviations are used by some Engineers. 

P. C. For Point of Curve, or Beginning of Curve. 

P. T. " «« << Tangent, or End of Curve. 

P. C C. " " " Compound Curve— or end of one curve 

and beginning of another, curving in the 
same direction. 

P. R. C. i( " " Eeverse Curve, or point where the direc- 
tion of the curve is changed from right 
to left, or vice versa. 

P. I. " " " Intersection of Tangents. 
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RAILROAD CURVE TABLES. | 


' 


0° 


1° 


2° 


3° 


4° 


5° 


6 







0.00 


50.02 


loo.oi 




20o!o9 


250.17 


8( 




1 


0.83 




100.83 




200.92 


251 .or. 


81 




2 


1.67 


51.69 


101.07 


161.74 


201.76 


251.84 






B 


2.50 


152.52 


102.5! 


152.f)7 


20M.59 


252.61 


er 






8.33 


53.35 


1 D3.3.1 




208.43 


253.51 


it 






4.17 


54.18 


104.17 


154.24 


204.20 


254.84 


sr 




S 


6.00 


55.02 


105.01 


155.08 


205.1. . 


255. J 8 


8C 




1 














S( 




8 


6.67 


56.68 


106.68 


156.75 


206.77 


256.85 


8( 








E7..W 


107.51 


167.68 


207.60 


267.68 


8( 




10 


8.8K 


68.35 


108.85 


168.42 


208.44 


258.52 






11 


8.17 


69.18 


109.18 


159.25 


209.27 


259.36 


8( 




ia 














81 




is 






110.85 


13'.!.92 


210.94 








11 


11.57 


81.68 


m.si 




211.77 


201.86 


31 






IMC 


62.52 


112.62 


162.69 


212.61 


262.70 


81 




16 






113.86 


168.4.° 


218.45 


268 54 


81 




IT 




64.18 


114.1! 


164.26 


211.28 


264.87 


81 




18 


15.00 




135. 0L 


165.01 


215.11 


265.20 


SI 






15.83 


05 85 


115.80 




215. sr 


266 04 


81 






16.07 


66.68 


116.69 


166.76 


216.78 


266 B7 


81 




SI 


17.50 


67.51 


117.58 


Hi7.6( 


217.62 








■ U 


18.83 


68.85 


118.86 


168.43 


218.45 


263.64 


81 






KM 7 


69.18 


110.20 


109.27 


219.2t 


269.38 


SI 




24 


20.0: 


70.01 


120-08 


170.1! 


220.12 


270.21 






as 


20.8.1 


70.85 


120.87 


170.84 


220.96 


271.05 


85 




26 


21.67 


71.68 


121.70 


171.77 


221.78 


271.88 


s: 




27 


2S.61 


72.51 


122.54 


m.oi 


222.63 


BV2.7! 


3: 




1 28 


23.33 


73.34 


123.37 


178.44 


228.46 


278.54 


8S 






24.17 


74.18 


124.51 


174. 2< 


224.80 


274.88 


8i 




80 


h;>.0< 


75.01 


lMfj.OS 


1V5.H. 


225.18 


275.21 


Si 




SI 


25.83 


V5.S4 


125.86 


175.88 


225.96 


276.06 






82 


26.67 


76.08 


120.70 


170.71 


226.80 


270.SF 


Si 






27.60 


77.51 




177.55 


227.63 


277.72 


8£ 




84 


28.88 


78.34 


12.-J.37 


17 8.8 9 


228.47 


278.55 


85 








79.17 










81 


















3f 






80 83 


80.84 


180.87 


190.S! 


280.97 


281 00 


83 




88 




81.67 


131-71 


181.78 


281.B1 


281.90 


33 






32.5? 


82.51 


182.54 


182.56 


282.64 


282.73 






10 


88.88 


88.34 


183.88 


188.40 


283.48 


28S.57 


8f 




41 


84.16 


84.17 


184.21 


184.23 


234.81 


284.41 


83 


















83 


















8! 






36.66 


86.67 


186.72 




236.82 


280.91 


3f 




45 




87.51 


I37.6r 


187.57 


287.65 


2B7.75 


S3 




a 




88.84 


188.88 


188.40 


288.48 


VSR 5!) 








89.16 


89.17 


189.22 


189.24 


289.82 


289.42 


83 




48 


4(1 fin 


90.00 


140.05 


190.07 


240.15 


290 26 


84 






40.88 


90.84 




180.91 


240.99 


291 09 






60 


41.67 


91.67 


141.72 






281.93 


























48.83 


98.84 


148.39 


163.41 


243.49 


293.60 






KB 








194.25 


244.83 


294.44 


84 




u 


45.00 


95.00 


14,1.01 


195.08 


246.16 


295.27 


M 




55 


45.88 


95.84 


146.90 


196.92 


246.00 


296.11 


ti 




56 


49.67 


98.87 


148.78 


198.75 


246.88 


296.96 


14 




5T 




97.60 


147.67 


197.59 


247.67 


S97.T8 






68 


48.83 


98^8 


148.40 


198.43 


248.50 


298.62 






69 


49.1T 


99.17 


149.24 


199.26 


249.84 


299.46 


ti 


■ 
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TABLE Or MINUTES WITH COR- 


TABLE OF SECONDS WITH COB- | 




RESPONDING DECIMALS. 


RESPONDING 


DECIMALS. 


M. 

/ 


D. 


M. 


IX 

• 


8. 


D. 


s. 


D. 


O 


/ 


o 


// 


o 


// 


o 


1 


0.0166 


81 


0.5167 


1 


0.0002778 


81 


0.0086111 


2 


0.0888 


82 


0.5888 


s 


0.0005556 


82 


0.0088888 


8 


0.0500 


88 


0.5500 


8 


0.0008888 


88 


0.0091666 


4 


0.0667 


84 


0.5667 


4 


0.0011111 


84 


0.0094444 


5 


0.0888 


85 


0.6833 


5 


0.0018888 


85 


0.0097222 


6 


0.1000 


86 


0.6000 


6 


0.0016666 


86 


0.0100000 


7 


0.1167 


87 


0.6167 


7 


0.0019444 


87 


0.0102777 


8! 


0.1888 


88 


0.6888 


8 


0.0022222 


88 


0.0105555 


9 


0.1500 


89 


0.6500 


9 


0.0025000 


89 


0.0108888 


10 


0.1667 


40 


0.6667 


10 


0.0027777 


40 


0.0111111 


11 i 


0.1888 


41 


0.6888 


11 


0.0080555 


41 


0.0118888 


12 


0.2000 : 


42 


0.7000 


IS 


0.0088888 


42 


0.0116666 


18 


0.2167 


48 


0.7167 


18 


0.0086111 


48 


0.0119444 


14 


0.2888 


44 


0.7888 


14 


0.0088888 


44 


0.0122222 


15 


0.2500 


45 


0.7500 


15 


0.0041666 


45 


0.0125000 


16 


0.2667 


46 


0.7667 


16 


0.0044444 


46 


0.0127777 


17 


0.2888 


47 


0.7888 


17 


0.0047722 ' 


47 


0.0180555 


18 


0.8000 


48 


0.8000 


18 


0.0050000 


48 


0.0188888 


19 


0.8167 


49 


0.8167 


19 


0.0052777 


49 


0.0186111 


20 


0.8888 


50 


0.8888 


20 


0.0055555 


50 


0.0188888 


21 


0.8500 


51 


0.8500 


21 


0.0058888 


51 


0.0141666 


22 


0.8667 


52 


0.8667 


22 


0.0061111 


52 


0.0144444 


28 


0.8888 


58 


0.8888 


28 


0.0068888 


58 


0.0147222 


24 


0.4000 


54 


0.9000 


24 


0.0066666 


54 


0.0150000 


26 


0.4167 


55 


0.9167 


85 


0.0069444 


55 


0.0152777 


28 


0.4888 


56 


*.9888 


26 


0.0072222 


56 


0.0155555 


27 


0.4500 


57 


0.9500 


27 


0.0075000 


57 


0.0158888 


28 


0.4667 


58 


0.9667 


28 


0.0077777 


58 


0.0161111 


29 


0.4888 


59 


0.9888 


89, 


0.0080555 


59 


0.0168888 


80 


0.5000 


60 


1.0000 


80 0.0088888 


60 


0.0166666 



RAILROADCURVE TABLE. 



The following Table shows the distance from the point of inter- 
section of the Tangent lines to the beginning of one degree curves, 
for each 30', the angle ef deflection (■= angle at centre) being 
known. 

I. = The given angle of deflection. 
II. = The sought for distance. 
IIL = Difference for intermediate angles. 
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I 


II 


Ill i 


I 1 
80° 80' 


II 


III 


I 


n i 


in 




0° 0' 


25.00 


25.0 


1562.17 


26.8 


60° 80' 


8341.62 


83.4 




1 


50.02 


25.0 


81 




1589.04 


26.9 


61 




8375.20 


33.6 | 




1 80 


75.01 


25.0 


31 


80 


1616.08 


27.0 


61 


80 


3408.95 


83.8 ; 




2 


99.99 


25.0 


82 




1648.08 


27.0 


62 




3442.98 


34.0 




2 80 


125.03 


25.0 


82 


30 


1670.12 


27.0 


62 


80 


8477.02 


84.1 




8 


150.07 


25.0 


83 




1697.28 


27.2 


68 




8511.84 


84.3 




8 80 


175.05 


25.0 


88 


80 


1724.56 


27.3 


68 


80 


3545.78 


84.4 




4 


200.09 


25.0 


84 




1751.88 


27.3 


44 




3580.45 


84.7 




4 80 


225.18 


25.0 


84 


80 


1779.22 


27.4 


64 


80 


8615.84 


34.9 




5 


250.17 


25.0 


85 




1806.67 


27.4 


65 




3650.41 


85.1 




5 80 


275.21 


25.0 


85 


80 


1834.17 


27.5 


♦5 


80 


8685.65 


35.2 




« 


800.80 


25.0 


86 




1861.79 


27.6 


66 




3721.06 


85.4 




8 4$, 


825.85 


25.0 


86 


30 


1889.47 


27.7 


66 


80 


8756.70 


85.4 




7 


850.44 


25.1 


87 




1917.26 


27.8 


67 




8792.57 


85.9 




7 80 


875.54 


25.1 


87 


80 


1945.05 


27.8 


67 


80 


3828.61 


86.0 




•8 


400.70 


25.1 


38 




1978.01 


27.9 


68 




3864.88 


36.8 




8 80 


425.79 


25.1 


83 


80 


2001.08 


28.0 


68 


80 


3901.88 


36.5 




9 


450.95 


25.1 


89 




2029.11 


28.1 


69 




8988.11 


86.7 




9 80 


476.10 


25.1 


39 


80 


2057.80 


28.2 


69 


80 


3975.01 


36.9 




10 


501.82 


25.2 


40 




2085.55 


28.8 


70 




4012.15 


87.1 




10 80 


526.58 


25.2 


40 


80 


2113.91 


28.4 


70 


80 


4049.56 


87.4 




11 


551.74 


25.2 


41 




2142.88 


28.4 


71 




4087.15 


87.6 




11 80 


576.95 


25.2 


41 


80 


2170.92 


28.6 


71 


80 


4124.97 


37.8 




12 


602.22 


25.8 


42 




2199.52 


28.6 


72 




4168.07 


88.1 




12 80 


627.55 


25.8 


42 


80 


2228.28 


28.8 


72 


80 


4201.41 


88.3 




18 


652.87 


25.8 


48 




2257.10 


28.8 


78 




4289.97 


88.6 




18 80 


678.20 


25.3 


43 


80 


2286.04 


28.9 


78 


80 


4278.76 


88.8 




14 


708.58 


25.8 


44 




2315.09 


29.0 


74 




4817.84 


88.9 




14 80, 


728.97 


25.4 


44 


80 


2344.20 


29.1 


74 


30 


4857.15 


89.3 




15 ' 


754.85 


25.4 


45 




2373.42 


29.2 


75 




4396.74 


89.6 




15 80 


779.79 


25.4 


45 


80 


2402.76 


29.8 


75 


80 


4436.62 


89.9 




16 


805.29 


25.5 


46 




2432.21 


29.4 


76 




4476.78 


40.1 




16 80 


880.79 


25.5 


46 


80 


2461.78 


29.6 


76 


80 


4517.18 


40.4 




17 


856.85 


25.5 


47 




249L46 


29.7 


77 




4557.81 


40.7 




17 80 


881.90 


25.? 


47 


80 


2521.26 


29.8 


77 


80 


4598.78 


41.0 




16 i 


907.52 


25.6 


48 




2551.11 


29.8 


78 




4640.04 


41.3 




18 80 


938.18 


25.6 


48 


80 


2581.13 


80.0 


78 


80 


4681.58 


41.5 




19 


958.86 


25.7 


49 




2611.27 


80.1 


79 




4728.41 


41.$ 




19 80 


984.58 


25.7 


49 


80 


2641.53 


80.8 


79 


80 


4765.58 


42.2 




20 


1010.87 


.25.8 


SO 




2671.90 


80.4 


80 




4808.04 


42.5 




20 80 


1036.15 


25.8 


50 


80 


2702.44 


80.5 


*0 


80 


4850.79i 


42.7 * 




21 


1062.00 


25.8 


51 




2733.04 


80.6 


81 




4898.88 


48.1 




21 80 


1089.90 


25.9 


51 


80 


2763.81 


30.8 


81 


80 


4937.25 


48-3 




22 


1118.80 


25.9 


52 




2794.69 


80.9 


82 




4980.97 


48J7 




22 80 


1139.75 


25.9 


52 


80 


2325.69 


8lo : 


82 


80 


5025.04 


44.1 




28 


1165.76 


26.0 


53 




2856.86 


81.2 , 


88 




5069.44 


44.4 




28 80 


1191.84 


26.1 


53 


80 


2888.15 


81.8 ' 


88 


80 


5114.20 


44.8 




24 


1217.96 


26.1 


54 




2919.55 


81.4 


84 




5159.29 


45 JL 




24 80 


1244.10 


26.1 


54 


80 


295L12 


8L4 \ 


84 


$0 


52(4.78 


45,4 




25 


1270.28 


26.2 


55 




2982.81 


8L7 | 


65 




5250.57 


45.8 




25 80 


1296.58 


26.3 


55 


80 


3014.67 


8L9- 


85 


-80 


5296.75 


46.2 




26 


1822.88 


26.8 


56 




8046.64 


82.0 


86 




5843.28 


46.5 




26 80 


1849.24 


26.4 


56 


80 


8078.79 


824 


86 


80 


5890.21 


46.9 




27 


1875.65 


26.4 


57 




8111.10 


82.3 


87 




5437.54 


47-8 3 


27 80 


1402.10 


26.4 


57 


80 


3143.53 


82.4 


87 


80 


5485.27 


47J7 1 


28 


1428.65 


26.5 


58 




8176.14 


32.6 


68 




5588.85 


48.1 1 


28 80 


1455.25 


26.6 


58 


80 


3208.91 


82.8 


66 


80 


5581.86 


48.5 I 


29 


1481.89 


26.6 


59 




3241.86 


82.9 


89 




5680.80. 


484 1 


29 80 


1508.59 


26.7 


59 


80 


8274.92 


83.1 


69 


80 


5680.20 


49.4 1 


|80 


1585.80 


26.7 


60 




8808.21 


88.3 


90 


15780.00 


49.8 





\ 
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JSAILROAD CURVES. 






THE FOLLOWING TABLE 










8HOW8 THE METHOD 






OP 


KEEPING THE FIELD : 


NOTES 




OF A SURVEY, FROM WHICH THE 






CENTRE 


LINE IS LAID ON THE 1 


WAP. 






' 


i 










Number of 






* f 




Angle at in - 


Course of tan- 




feet from 


Prom 


To 


Length of 


Length of 


tersection of 


gent, and de- 


Radius of 


intersec- 






tangents 


curve* in 


tangents or 


gree and di- 


curves in 


tion of tan- 


station. 


station. 


in feet. 


feet 


angle at 


rection of 


feet. 


gents to be- 






t 


i 


centra. 


carves. 




ginning of 






1 










curve. 


i 

• ••• M»M» 




«••• •«•• 




Tangent 


8. 10° 21' B. 






0. 


2."""" 




200*" 


7° 24' 


3" 42* L. 


1548.66 


100.14 


2. 


26 




2400. 


24 9 00' 


1° 00* R. 


5730. 


1217 06 


26. 


43 556 


1755 60 




Tangent 


S. 2°45'E. 






43.556 


61681 




1812.5 


86° 16' 


2° 00' R 


2866. 


087.82 


61 681 


03 650 


8196 00 




Tangent 


& 83* 80' W. 






03 650 


102 517 




886.7 


13* 18* 


1° 80' L. 


8820 


44647 


102 517 


143 00 


4188.80 




Tangent 


8. 20° 12' W. 






143 00 


155 766 




1186.66 


28° 44' 


2° 00* L. 


2866. 


602.02 


155 766 


170 48 


1466.40 




Tangent 


& 3° 32' E. 






170 43 


181.206 




1086.66 


21* 44' 


2*00' R. 


2866. 


66000 


181.296 


184 5061 


moo 


i 


Tangent 


8. 18° 12' W. 






184 506 


103.106 




868.80 


18° 02' 


i*80'R. 


8820. 


436.87 


103105 


213064 


1086.0 


i 

< 


Tangent 


8. 81» 14' W. 






213 064 


220 008 




784 44 


11° 46' 


1° 80' L. 


8820. 


808.61 


220.003 


230 546 


963.8 




Tangent 


8. 10° 28' W. 






280 546 


242.406 




1196.00 


23° 64' 


2° 00' R. 


2866. 


606 37 


242 406 


252 856 


086.00 




Tangent 


8. 43° 22' W. 






262 356 


268 766 




1140.00 


17° 08* 


l^WL. 


8820. 


674.80 


263.756 


2 602 


220.40 




Tangent 


8.26° 16' W. 






266.02 


268.02 




200 00 


8° 


i°wl. 


3820. 


100.06 


, 288.02 


277.21 




018 80 


27° 84» 


8« L. 


1910. 


468.56 


277.21 


270.21 




200.00 


8° 00* 


r'HPL. 


882a 


100.05 


> 270 21 


280 011 


080.1 




Tangent 


8. 7° 18' E. 






280.011 


291011 




200 00 


8» 00» 


1 9 SWTL 


8820 


100.05 


. 201.011 


801422 




1041.10 


81° 14' 


8° 00* R. 


10.0. 


638.88 


, 301 422 


803.00 


i 


167.80 


2° 22» 


1*W R, 


882a 


78.00 


| 803 00 


32100 


1800. 




Tangent 


8. 20° 18' W. 






1 821 00 


334 00 




1900. 


26* 


2® L. 


2866. 


661.44 


834 


338 71 


47100 




Tangent 


& 8° 18' W. 






1 338.71 


347.16 




844-16 


16° 68' 


2°00'R. 


2866. 


426.10 


! 347 15 


304 00 


1686.00 




Tangent 


& 20« 11» W. 






364 


376 638 




1968.88 


87° 64' 


8° R. 


lew. 


656.80 


376 633 


880 53 


880 70 




Tangent 


8. 68° 06' W. 






38053 < 


302.38 




1186. ' 


23* 42' 


V R. 


2866. 


60.14 


302 38 


402 02 


1064.4)0 




Tangent 


8. 81° 47' W. 






402.02 


404 02 




£00 


*• 00' 


1* 80' L 


882a 


100.05 


: 404 02 


418.108 




1327 77 


80* 60' 


8° W L. 


iota 


692.04 


| 418 108 


420.108 


200. 




Tangent 


8. 88° 57' W. 






1 420.108 


441.002 




2060.41 


83° 18' 


4* L. 


1482. 


1272.21 


441.002 


442.682 




168. 


4° CO* 


2° 82' L. 


226J.87 


79.99 


. 442.682 

i 


440. 


6418 




Tangent 


S, 4j<> 16' B. 






22.262 00 


22687.81 





32 EXCAVATION AND EMBANKMENT. 



APPLICATION OP THE PUIS MOID A L FORMULA 

in determining the quantities of Railroad and Canal 
Excavations and Embankments, 



In order to obtain the mean area from transverse sections, con- 
struct from the average cuttings and average horizontal distances 
of the slopes of the end sections, a middle section ; and add to 
four times the area of this section the area of the end sections, and 
take one-sixth of the product for the mean area. 

The following diagrams show most of the figures which occur 
in taking cross sections of railroads, and serve to illustrate the ap- 
plication of the formula. In practice, however, intermediate 
sections would be taken between sta. 0. and sta. 1, and at such 
other points as any sudden or material change in the surface would 
seem to require. 

The cuttings and horizontal distances from tt>e centre to the ter- 
mination of the slopes, are set down in tabular form, (page 34.) 
The notes of the middle section may at convenience be interlined 
in the space between the notes of the end sections. From this 
form the factors for the areas are made without resorting to dia- 
grams. 

* It will be seen by inspecting the diagrams that the embank- 
ment between stations 3 and 4 assumes the shape of a pyramid* 
and hence one-third of the area of the embankment set opposite 
station 4, should be multiplied by the distance between stations 3 
and 4 to obtain the quantity. Between stations 4 and 5 the exca- 
vation assumes the same form, and should also be calculated as a 
pyramid ; or construct the middle section as before described, and 
calculate the distance from the centre to the point where the sur- 
face and the grade intersect ; and make out the factors accordingly, 

Having obtained the mean areas, proceed as hereinafter described 
to ascertain the cubic yards. 
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a. 



1. 



JVLS. 



rr» T * ">• » 



Z. 




3. 




*. 




5. 




6. 





7. 



10. * 70* 



art 



v t 
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O 

H 
O 

w 

OQ 

W 
OQ 

> 
OQ 

< 

O 

fa 

QQ 

W 
H 

O 

Q 
•J 
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Cubic 

yards 

ofEm- 

bank't 


58.62 
224.48 
585.18 
414.81 


Cubic 
y'ds of 
Excav. 


833.33 

1387.96 

498.14 

146.66 

32.40 

\ 


Mean 
area of 
Emb'k. 


15.83 
60.61 
158.0 
112.0 


Mean 
area of 
Excav. 
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374.75 

134.5 

• 
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EXCAVATION. 



0. 

16, 
20. 
25. 



Station 0. 

0. 0. = 

Middle Section. 

X 5. = 80. 

X 6. = 120. 

X 8. = 200. 



Areas. 
000. 



22. 

20. 
40. 



400,-*-2.= 
Station 1. 

X 10. = 220 

X 12. = 240. 

X 16. = 640. 



200. 



1100.-*-2.=550. 
Middle Section. 
19.75X 8. = 158. 
9.50X 20. = 1901 
32.50X 12. = 390. 



17.50X 
20. X 
25. X 



738*-#-£.=369. 
Station 2. 

6. - 105. 

7. = 140. 

8. = 200i 



13.75X 
20. X 
22. X 



445.-*-2.=222.5. 
Middle Section. 
3. = 41.25 
4.5s 90. 
6. = 132. 



20. X 
19. X 



- 263.25.*-2.=131.62. 
Station 3. 

2. = 40. 
4. = 76. 



12.8 X 
18.25X 



116.-*-t.=58. 
Middle Section. 
1 =12.80 
3.5=63.88 



17.5 X 



76.68+2.=38.34. 

Station 4. 

3. =52.5 +2.=26.25. 
Station 5. 

a 
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19. 



Station 4* Area*. 

X 5. = 95.*2.=47^ 
Middle Section. 

• • • 

X 5.5=104.5 



19. 
,15. X 1. = 15. 



H9.5-*r2.=S9.75. 



Station 5. 



19. 
2(X 



X 6. =114. 
X 2. = 40. 

*i 



» 



20.5 

20. 

16. 



154.-i-2.=77. 

• r 

Middle Section. 

X 7. =143.5 
X 5. =100. 
X 4. = 64. 



307.5+2.=* 153 J& 
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20. 
22. 



X 
X 
X 



Station 6. 

8. = 176. 
8. = 160. 
8. = 176. 



16. 
20. 
16. 



X 
X 
X 



512.h-2.=256. 
Middle Section. 

4. .«. 64. 
4. = 80. 
4. = 64. 

201+2.= 104, 
Station 7. 



0. 



0. 
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The cubic yards between station 0. and station 1. according to 

the method of adding the end areas and taking one-half for 

the mean area = 1018.51 o. yds. ) 0. yds. 

By 2d (or Prismoidal method)= 833.33 r< $185.18 

" 1st method between station 1 & 2= 1430.55 " 



" 2d 


cc 


it 


u 


1&2 


1387.96 


cc 


« 1st 


u 


tt 


cc- 


2&3 


519.44 


cc 


" 2d 


tt 


u 


CC 


2&3 


498.14 


cc 


" 1st 


if 


tt 


CI 


3&4 


156.01 


cc 


" 2d 


(C 


;. •« 


cc 


3&4 


146.66 


cc 


" 1st 


u 


tt 


cc 


4&5 


48.59 


cc 


" 2d 


u 


tt 


cc 


4&5 


32.40 
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42.59 

21.30 

9.35 



16.19 
Error on 500 lineal feet of excavation • • =274.61 

There are other methods winch approximate nearer than the 
averaging method. For instance, taking iJths of the difference 
between the end areas, (or the difference x by 0.46) and adding it 
to the lesser «id area for the mean. 

This method approximates nearer the true quantity. The prin- 
cipal discrepancy occurs where the embankment assumes the 
wedge or pyramidal form*— 

By 3d method between station & 1 937.43 ) cubic yards. 
" 2d " (pr Prismoidal)- 0»& 1 833.33 V -+ 103.70 

3d u between station 1 & % 1382.03 
2d u « " 1 & 2 1387.96 



IC 

u 



}- 



5.93 



" 3d « « " 3*3 495.08 > ^ 

« 2d u u " 2&3 498.145 ~ ^^ 



"3d * u ■ « 3&4 151.31 

« 2d u - M M 3»&4 146.66 



i- 



4,66 



« M. * • " " 4&5 3240$ + 1A3a 

Bitot on 600 lineal feet of excavation " - 102.38 

> 

Another method is. to multiply } of the distance between trans- 
verse sections, by the sum of the end areas, added to four times 
half their sum; and dividing by 27 for the cubic yards. 

The results are the same as by the first method except between 
stations & 1. 
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Explanation of the follouring tables. * 

The tables are calculated for a distance of 100 feet between 
transverse sections. 

In the left hand column are given the areas in feet To obtain the 
cubic yards for areas, without decimals, look in the second column 
under the. head of 0, and opposite the given area, find Hie cubic 
yards. 

Example. — Required the number of cubic yards for an area of 
190 feet. In the second column under the head of 0, and opposite 
190 in thelirst column, find 703.70 cubic yards. 

To obtain the cubic yards for a less distance than 100 feet, 
multiply the cubic yards found in the tables by the given distance 9 
and point off the fractional parts of 100, feet. 

If the area has decimal parts, pass the eye to the right, opposite 
the area of the whole number, and under the head of such deci- 
mal will be found the number of yards. 

Example. — Required the cubic yards for an area of 105.4 feet 
In the sixth column, under the bead of 40, and opposite 10$ in 
the first column, are given 390.37 cubic yards. 

If the yards for an area greater than 354.90, and not exceeding 
3549. feet, are required, the decimal point of the area given in 
the tables, and that of the cubic yards, being removed one figure 
to the right, will give the required yards. If there are decimal 
parts, add the cubic yards found opposite 0. in the first column* 
under the head of such decimaL 

Example. — Required the cubic yards lor an area of 1975 feet; 
remove the decimal point one figure to the lfeft, and find the yards 
for an area of 197.5 feet = 731.48, then remove the decimal point 
one figure to the right and you have 7314.8 cubic yards. If there 
is a decimal, add the cubic yards found for such decimal. 

Or, To obtain the cubic yards for an area exceeding 3549 
feet, take one half of the area, and seek the correspending yards in 
tables and multiply the same by 2. 
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